Floristic and Functional comparision of karst pastures and karst meadows from the North Adriatic Karst by Pipenbaher, Nataša et al.
FLORISTIC AND FUNCTIONAL COMPARISION OF KARST 
PASTURES AND KARST MEADOwS FROM THE NORTH 
ADRIATIC KARST
FLORISTIČNA IN FUNKCIONALNA PRIMERJAVA KRAŠKIH 
PAŠNIKOV IN KRAŠKIH TRAVNIKOV SEVERNOJADRANSKEGA 
KRASA
Nataša PIPENBAHER1*, Mitja KALIGARIČ1 & Sonja ŠKORNIK1
1 Biology Department, Faculty of Natural Sciences and Mathematics, University of Maribor, Koroška 160, SI-2000 Maribor,  
Slovenia, fax: +368 2 251 81 80, e-mails: natasa.pipenbaher@uni-mb.si, mitja.kaligaric@uni-mb.si, sonja.skornik@uni-mb.si
Received/Prejeto: 6.2.2011
COBISS: 1.01
ACTA CARSOLOGICA 40/3, 515–525, POSTOJNA 2011
Abstract UDC  633.2.03(497.472)
Nataša Pipenbaher, Mitja Kaligarič & Sonja Škornik: Floris-
tic and Functional comparision of karst pastures and karst 
meadows from the North Adriatic Karst 
In the present study, we compared the species richness and the 
floristic and functional composition of two types of extensively 
managed, species rich dry grasslands (class Festuco-Brometea) 
from the North Adriatic Karst: karst pastures (alliance Sat-
ureion subspicatae) and karst meadows (alliance Scorzonerion 
villose). Karst pastures are characterized by shallow rocky soils, 
high pH, and dry, warm conditions, whereas karst meadows 
have developed on deeper soil, with more humus and moisture 
and neutral to alkaline pH. The data set included a table with 
100 phytosociological relevés of the studied grasslands and a 
matrix with 15 functional traits determined for 180 plant spe-
cies. we found high species richness in these grasslands but no 
statistically significant differences in species richness between 
karst pastures and meadows. Differences in floristic composi-
tion were analysed with Detrended Correspondence Analysis, 
which supported a clear division between the two vegetation 
types and indicated that species composition could best be 
explained in terms of soil humidity and nutrient availability. 
we also detected several differences in plant functional traits 
between meadows and pastures. Some of the traits indicate 
greater resource availability on karst meadows (in particular, 
high SLA, low LDMC). In contrast, karst pastures have more 
slow-growing species with a combination of traits that can 
be interpreted as an avoidance strategy in relation to distur-
bance (e.g., grazing) in low productive habitats (e.g., low SLA, 
high LDMC, early flowering species and plants with rosette). 
A lower relative proportion of competitors (C) and ruderals 
(R), and a higher relative proportion of stress-tolerators (S) in 
karst pastures also suggested that these grasslands generally 
experience higher intensities of stress when compared to karst 
meadows, presumably owing to lower resource availability on 
Izvleček UDK  633.2.03(497.472)
Nataša Pipenbaher, Mitja Kaligarič & Sonja Škornik: 
Floristična in funkcionalna primerjava kraških pašnikov in 
kraških travnikov severnojadranskega Krasa
Predstavljamo rezultate raziskave, v kateri smo primerjali 
vrstno pestrost, floristično in funkcionalno sestavo med dvema 
tipoma suhih travišč (razred Festuco-Brometea) severnojadran-
skega Krasa – kraškimi pašniki (zveza Satureion subspicatae) 
in kraškimi travniki (zveza Scorzonerion villosae). Za kraške 
pašnike so značilna plitka kamnita tla z bazično kemijsko 
reakcijo in suhe ter tople razmere, medtem ko so kraški travni-
ki razviti na globljih in bolj hranilnih tleh, z več vlage, kemijska 
reakcija tal pa je nevtralna do zmerno kisla. Podatki so obsegali 
tabelo s 100 fitocenološkimi popisi kraških pašnikov in travni-
kov ter matriko s 15 funkcionalnimi potezami, določenimi 
za 180 rastlinskih vrst. Ugotovili smo visoko vrstno pestrost 
proučevanih travišč, hkrati pa ni bilo najdenih statistično 
značilnih razlik v vrstni pestrosti med kraškimi pašniki in 
kraškimi travniki. Razlike v floristični sestavi smo ugotavljali 
z DCA analizo, ki je potrdila jasne razlike med obema vegeta-
cijskima tipoma in nakazala, da se vrstna sestava popisanih 
sestojev spreminja vzdolž gradientov vlažnosti in hranilnosti 
tal. Ugotovili smo tudi razlike v funkcionalnih potezah rastlin 
med kraškimi travniki in pašniki. Na osnovi nekaterih funkci-
onalnih potez (zlasti višjih SLA, nižjih LDMC vrednosti) lahko 
sklepamo, da so kraški travniki bolje založeni s hranili. Kraški 
pašniki imajo v primerjavi z njimi več počasi rastočih vrst s 
kombinacijo potez (npr. nizke SLA in visoke LDMC vrednosti, 
zgodnje cvetenje, rozete), ki jih razlagamo kot strategija izo-
gibanja motnji (npr. paši) v slabo produktivnih habitatih. Tudi 
nižja deleža kompetitorskih vrst (C) in ruderalk (R) ter hkrati 
višji delež stres-toleratork (S) na kraških pašnikih potrjujejo, 
da so v teh habitatih bolj stresne razmere kot na kraških travni-
kih, kar je po vsej verjetnosti posledica slabše preskrbljenosti 
rastlin z vodo in hranilnimi snovmi zaradi kamnitih in plitkih 
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stony, shallow soil. we could conclude that karst meadows 
and pastures differ significantly in both floristic composition 
and functional trait means, owing to their distinctive land-use 
(disturbance) and environmental conditions.
Keywords: dry grasslands, plant functional traits, Festuco-
Brometea, Sw Slovenia, DCA, CSR plant strategies.
tal. Zaključimo lahko, da obstajajo značilne razlike v floristični 
in funkconalni sestavi med kraškimi travniki in pašniki kot 
posledica razlik v rabi (košnja in paša) ter razlik v okoljskih 
dejavnikih.
Ključne besede: suha travišča, funkcionalne poteze rastlin, 
Festuco-Brometea, JZ Slovenija, DCA analiza, CSR strategije 
rastlin.
INTRODUCTION
The Karst grasslands of the North Adriatic Karst are 
known as one of the richest plant communities among 
grasslands (Kaligarič et al. 2006). This diversity has been 
demonstrated, emphasized and partly explained on many 
occasions (Horvat & Horvatić 1934; Ferlan & Giacomini 
1955; Horvatić 1973; Horvat et al. 1974; Poldini 1980; 
Piskernik 1988; Poldini 1989; Piskernik 1991; Čarni & 
Kaligarič 1992; Kaligarič 1994; Kaligarič & Poldini 1996; 
Kaligarič 1997; Kaligarič & Škornik 2002; Pipenbaher 
et al. 2008; Škornik et al. 2010) in terms of the specific 
biogeographic position of these grasslands, being in the 
transitional area of the Mediterranean basin, the Dinaric 
mountains and Central Europe. The contingent of sub-
Mediterranean-Illyrian species is numerous; in addition 
there are other large interesting contingents of species: 
e.g., Mediterranean-Pontic or Mediterranean-Pannon-
ian species (Poldini 1989). As has been established by 
phytosociologists, the internal variability among grass-
lands is also very high. The North Adriatic grasslands, 
which all belong to the order Scorzoneretalia villosae 
Horvatić 1975 (class Festuco-Brometea), were therefore 
divided in to two separate alliances: Satureion subspica-
tae Horvat 1962 and Scorzonerion villosae Horvatić 1949 
(Kaligarič 1997). The floristic differences between them 
have already been described as substantial (Kaligarič 
1997), and the two alliances have been considered not 
as biogeographic parallels (as alliances sometimes are), 
but as ecological parallels (Kaligarič & Škornik 2002; 
Kaligarič et al. 2006). The Satureion subspicatae is com-
post by sclerophyllous plants and represents extensive, 
semi-natural pasture, whereas Scorzonerion villosae is 
the more mesophilous alliance, representing extensive 
unfertilized hay meadows (Kaligarič & Poldini 1996; 
Kaligarič 1997).
It should be emphasized that natural conditions on 
the karst terrain also pre-determine to a considerable ex-
tent also the potential land-use of both vegetation types: 
Scorzonerion villosae grasslands, which appear in the 
karst polje, sink-holes and within the karst valleys where 
natural soil accumulation and natural soil fertility are 
higher, were more prone to mowing. In contrast, the ma-
jor management form in the Satureion subspicatae alli-
ance was moderate grazing, as this has developed on the 
slopes, where because of erosion, soils are shallow and 
rocky and definitely not convenient for mowing.
It has been well established that differences in es-
sential constraints, e.g. weather, topography, soil con-
ditions and disturbance regime, lead to different plant 
communities. The species combination assemblage is 
based on filtering plants with particular sets of func-
tional traits from the available species pools (Lavorel 
et al. 1997; Lavorel & Garnier 2002, de Bello et al. 2005). 
It was emphasized by Keddy (1992), Lavorel et al. (1997) 
and especially by Diaz et al. (2002) that plant functional 
traits and their combinations – rather than species iden-
tities – are the units that are affected by ecological pro-
cesses.
In order to gain insight into functional traits, 
Grime’s CSR triangle theory should be considered as 
well (Pipenbaher et al. 2008). This scheme is built on the 
assertion that three major determinants of species exist: 
competition (C), abiotic stress (S) and disturbance (R). 
The position of any species can be displayed upon a tri-
angular ordination diagram (Grime 1974; Hodgson et al. 
1999; Grime 2001). Each strategy is characterized by a 
distinct set of ecological, morphological and physiologi-
cal traits and is found in species occupying habitats of a 
particular kind (Grime et al. 1988).
In the Northern Adriatic Karst area the distinction 
between pastures and meadows based on plant species 
composition has been confirmed (Kaligarič 1997), but 
the degree of functional differentiation between the two 
grassland types has not yet been considered and docu-
mented. Therefore, we would like to answer the follow-
ing questions: 1. To what degree do the karst pastures 
and meadows differ on the basis of their species compo-
sition? 2. To what degree – if at all – do they differ on the 
basis of most important plant functional traits? 3. what 
could be revealed by a floristic and functional compari-
son between karst meadows and karst pastures? 4. what 
kind of plant ecological strategies are characteristic of 
karst meadows and karst pastures?
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STUDy AREA
Slovenia, situated at ca. 46°N, 14°E in the contact area 
between the Alps, the Dinarides, and the Mediterranean 
and Pannonia plains, has a relief consisting of plains, 
hilly regions, highlands, mountains etc. 40% of the land 
is underlain by carbonate rocks, mainly well karstified 
and dolomitised (watts 2004).
The position of the study area lies between the 
Adriatic Sea and the Pre-Dinaric region in Slovenia. It 
represents the most north-western part of the Balkan 
Peninsula. It consists of the limestone Karst plateau (Low 
Karst) and mountains (High Karst). The Karst Plateau is 
100–500 m a.s.l. and is characterized by its geomorpho-
logical phenomena (rocks, karst poljes, dolinas, caves, 
etc.) (Mihevc 1997). The climate is sub-Mediterranean 
(Ogrin 1995). Precipitation varies from 1,356 mm and 
up to 1,781 mm on the High Karst. The strong bora wind 
causes desiccation and erosion. The mean annual tem-
perature is 8.5 °C (ARSO 2009). Poldini (1989) charac-
terized the climate as transitional between Mediterra-
nean and continental pre-Alpine, with rainy cool winters 
and long, dry summers.
Floristically the study area is a contact area be-
tween the Mediterranean and Euro-Siberian biogeo-
graphical zones, having characteristics of both zones. 
The natural vegetation is deciduous forest, constitut-
ed by various species of oak (Quézel & Medail 2003). 
Mixed deciduous thermophilous woodlands prevail 
at lower altitudes up to 800–1,000 m. In this belt tree 
species such as Quercus pubescens, Carpinus orienta-
lis, Ostrya carpinifolia, Fraxinus ornus and, rarely, Acer 
monspessulanum and Pistacia terebinthus constitute the 
sub-Mediterranean vegetation below the beech forest 
zone. Temperate deciduous trees such as beech nowa-
days represent the higher altitudinal belt above 800–
1,000 m. The derivates of the deciduous forests are dry 
and semi-dry grasslands of the order Scorzoneretalia vil-
losae Horvatić 1975 (class Festuco-Brometea) (Kaligarič 
1997). Most of the non-forest vegetation belongs to pas-
tures (alliance Satureion subspicatae Horvat 1962). The 
association Carici-Centaureetum rupestris Horvat 1931 
is the most widespread and common in the study area. 
It is characterized by shallow rocky soils, high pH, and 
dry, warm conditions. Productivity is very low. Due to 
hydric stress, the vegetation becomes almost completely 
dry in the summer (Kaligarič 1997). Dry and semi-dry 
meadows (alliance Scorzonerion villosae Horvatić 1949), 
association danthonio-Scorzoneretum villosae Horvat 
et Horvatić (1956) 1958 have developed on deeper soil, 
where there are more humus and moisture and neutral 
to alkaline pH (Kaligarič et al. 2006).
VEGETATION SURVEy
we analysed 48 relevés of karst meadows – association 
danthonio-Scorzoneretum villosae (relevés from 1–48 
(Tab. 1) are in book Kaligarič 1997) and 52 relevés of 
karst pastures – association Carici-Centaureetum rup-
estris Horvat 1931 (relevés from 10-62 (Tab. 4) are in 
Kaligarič 1997). On each site, vascular plants were sam-
pled using a seven-point species cover-abundance scale 
(r, +, 1 to 5), according to the Braun-Blanquet method 
(Braun-Blanquet 1964, westhoff & Van der Maarel 1973, 
Dierschke 1994) within 5 x 5 m quadrates (relevés). Plant 
species richness was noted as the number of species re-
corded in each relevé. Taxonomic nomenclature follows 
Martinčič et al. (2007); syntaxonomic nomenclature fol-
lows Kaligarič (1997).
PLANT FUNCTIONAL TRAITS
In choosing key traits, we followed various literature 
sources (Hodgson et al. 1999; Kahmen et al. 2002; Cor-
nelissen et al. 2003). we selected 15 traits for each spe-
cies. Traits were chosen from our own database (protocol 
standardized by Cornelissen et al. 2003). Information on 
species traits was also taken from two existing trait data-
bases: BiolFlor (Klotz et al. 2002) and LEDA (Kleyer et al. 
2008). Species were characterized by basic traits as well as 
composite traits (such as C-S-R strategy). Owing to the 
variety of species sets, we focused on traits that were easy 
to measure. The traits selected were as follows: “life form”, 
“life cycle”, “growth form”, “spinescence”, “hairiness”, 
“plant height”, “specific leaf area (SLA)”, leaf dry mat-
ter content (LDMC)”, “flowering start”, “flowering end”, 
“flowering period”, “leaf persistence”, “leaf anatomy”, “leaf 
form” and “CSR strategy”.
The CSR strategy scheme provides a system for 
classifying herbaceous plants as having strategies adapt-
ed to intense competition (C), abiotic stress (S) and 
frequent disturbance (R) (Grime 1974; McIntyre et al., 
1995; Lavorel et al. 1997; westoby 1998). To determine 
CSR functional types for 122 plant species recorded in 
100 analysed vegetation relevés, we used a rapid method 
published by Hodgson et al. (1999).
The list of traits with the description of classes in 
the matrix and the sources of information are presented 
in Tab. 1. Categorical traits were all transformed into 
binary variables, with one for each possible level of the 
factor. In this way the number of traits in the matrix in-
creased from 15 to 37. For plant abundance, data from 
the seven-point Braun-Blanquet ordination scale were 
first converted into a 1 to 7 scale (Pyšek & Pyšek 1991). 
All plant species occurring only in one relevé were re-
moved to exclude casual occurrences from the analysis.
MATERIALS AND METHODS
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trait j for species i (Ricotta & Moretti 2010). This opera-
tion results in 37 new traits by 100 relevés matrix (matrix 
CwM).
STATISTICAL ANALySIS
Detrended Correspondence Analysis (DCA, Hill & Gauch 
1980) ordination was applied to the species-relevés ma-
trix. The intention was to provide a visual representation 
of differences in floristic composition between the two 
vegetation types being studied.
To test differences in the specific plant functional 
traits between karst meadows and karst pastures, the 
CwM values of all 37 functional traits were analysed 
with a Student's t-test for independent samples (SPSS inc. 
2006). Only traits (n = 29, Tab. 2) with significant dif-
ferences in their CwM values between karst meadows 
To assess the functional trait composition of relevés, 
we combined the species by relevés matrix with the cor-
responding species by traits matrix. This was done by 
calculating the community-weighted mean trait val-
ues (CwM) for each relevé as the average of trait val-
ues weighted by the relative abundance of each species 
(Garnier et al. 2004; Lepš et al. 2006; Lavorel et al. 2008; 
Moretti et al. 2009; Ricotta & Moretti 2010). The metric 
is computed simply as
where CwMjk is the community-weighted mean 
value of trait j at site k; pik is the relative abundance of 
species i (i = 1, 2, ...., S) at site k; and xij is the value of 
tab. 1: Plant traits, recorded on 180 vascular plant species from karst meadows and karst pasture (SW Slovenia). Scales of measure-
ment were originally categorical (cat), continuous (cont) or binary (bin).
Traits Abbreviation and description Data source
Life form LF_Ge = geophytes;  
LF_He = hemicryptophytes
Hegi 1958, 1963, 1964, 1965, 1966, 1974, 1987; Martinčič 
et al. 2007
Life cycle LC_Annu = annual; LC_Bien = biennial; 
LC_Pere = perennial
Hegi 1958, 1963, 1964, 1965, 1966, 1974, 1987; Martinčič 
et al. 2007
Growth form GF_Tuss = tussocks; GF_Rose = rosette; 
GF_le_st = leafy stem; GF_ro_le = rosette 
and leafy stem
Hegi 1958, 1963, 1964, 1965, 1966, 1974, 1987; Martinčič 
et al. 2007; Rothmaler 1995
Spinescence Spi_pres = present; Spine_0 = none Hegi 1958, 1963, 1964, 1965, 1966, 1974, 1987; Martinčič 
et al. 2007
Hairiness Hair_low = low; Hair_hig = high;  
Hair_0 = no
Hegi 1958, 1963, 1964, 1965, 1966, 1974, 1987; Poldini 
1991; Martinčič et al. 2007
Plant height Plan_hig = cm Own measurements
Specific leaf area SLA = mm2/mg Own measurements; LEDA database (Kleyer et al. 2008)
Leaf dry matter content LDMC = mg/g Own measurements; LEDA database (Kleyer et al. 2008)
Flowering start Flo_star = months Hegi 1958, 1963, 1964, 1965, 1966, 1974, 1987; Poldini 
1991; Martinčič et al. 2007
Flowering end Flo_end = months Hegi 1958, 1963, 1964, 1965, 1966, 1974, 1987, Poldini 
1991; Martinčič et al. 2007
Flowering period Flo_peri = months Hegi 1958, 1963, 1964, 1965, 1966, 1974, 1987; Poldini 
1991; Martinčič et al. 2007
Leaf persistence LP_1 = spring green; LP_2 = summer green; 
LP_3 = overwintering green;  
LP_4 = persistent green
Own measurements; BiolFLor (Klotz et al. 2002)
Leaf anatomy LA_2 = scleromorphic;  
LA_3 = mesomorphic
Own measurements; BiolFLor (Klotz et al. 2002)
Leaf form Lea_for3 = grass-like; Lea_for4 = long-
leaf; Lea_for5 = simple; Lea_for7 = lobate; 
Lea_for8 = pinnatifid; Lea_for10 = palmate; 
Lea_for11 = pinnate; Lea_for12 = bipinnate
BiolFLor (Klotz et al. 2002)
C-S-R strategy C = competitors; S = stress-tolerators;  
R = ruderals
Own measurements
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and karst pastures (Student’s t-test) were used for further 
analysis.
The CwM matrix was further analysed by means of 
Principal Component Analysis (PCA) (Goodall 1954). 
Gradient length for the first PCA axis of ordination was 
0.22, indicating that linear ordination methods are suit-
able for the analysis.
The ordination methods (PCA, DCA) and visual-
ization of their results were carried out using the Canoco 
and CanoDraw programs (ter Braak & Šmilauer 2002).
RESULTS
SPECIES RICHNESS AND SPECIES  
COMPOSITION
The total number of vascular plant species recorded in 100 
relevés of these particular karst grasslands was 180, with 
144 on karst meadows (mean = 34 + 5,6 s. d. per relevé, 
N=48) and 134 (mean = 31 + 8.7 s.d. per relevé, N = 52) 
on karst pastures. we found no statistically significant dif-
ferences in species richness between the grassland types 
(P = 0.100). All species are listed in Appendix 1. There 
are 98 common species, 46 species exclusive to the karst 
meadows and 36 exclusive to the karst pastures.
Differences in floristic composition were first analy-
sed with DCA analysis of the 180 species x 100 relevés 
matrix. Eigenvalues for first two DCA axes are 0.530 
and 0.271. The first two axes together explain 23.8% of 
the variability in the species composition. DCA ordina-
tion is shown in Fig. 1. The DCA Axis 1 of this analysis 
showed evident divergence, which supports a clear divi-
sion between these two grassland types: karst pastures 
and karst meadows. The species with the lowest scores 
(-X) are those frequent in karst meadows, such as dacty-
lis glomerata, Ononis antiquorum, Peucedanum cervaria, 
Chrysopogon gryllus, galium verum. Species that are as-
sociated with relevés of karst pastures received the high-
est scores (+X) in the first DCA: for example, globularia 
cordifolia, Anthyllis jacquenii, Satureja liburnica, Sesleria 
juncifolia, genista sericea and Plantago argentea.
PLANT FUNCTIONAL TRAIT  
COMPOSITION
In order to identify differences in plant trait composition 
between karst meadows and pastures, the CwM ma-
trix was analyzed with PCA. 
The ordination graph is pre-
sented in Fig. 2, where only 
traits with significant differ-
ences in their CwM values 
(n = 29, Tab. 2) between karst 
pastures and meadows are 
shown. Relevés of both veg-
Fig. 1: dCA ordination dia-
gram of matrix with 100 relevés 
x 180 species. Eigenvalues: Axis 
1 = 0.530; Axis 2 = 0.171; 23.8% 
of variance in species explained 
by both axes. Shown species have 
the highest weight. 
legend:  – karst meadows;  
 – karst pastures. Abbrevia-
tions of species explained in 
Appen dix 1. Relevé numbers 
corre spond to those in the 
Appendix 1.
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Plant functional traits Species abbreviations Karst meadows Karst pastures p
Life form LF_He 0.9923 0.9824 ***
Life cycle LC_Annl
LC_Bien
LC_Pere
0.0343
0.0128
0.9528
0.0191
0.0027
0.9782
**
***
***
Growth form GF_Tuss
GF_Rose
GF_le_st
GF_ro_le 
0.3088
0.1164
0.4707
0.1003
0.2274
0.1461
0.5062
0.1203
***
*
*
*
Hairiness Hair_low 
Hair_hig 
Hair_0 
0.4355
0.2233
0.3411
0.3751
0.1700
0.4548
***
***
***
Plant height Plan_hig 39.23 25.76 ***
Specific leaf area SLA 14.55 13.00 ***
Leaf dry matter content LDMC 307.57 325.76 ***
Flowering start Flo_star 5.5131 5.2079 ***
Flowering end Flo_end 7.8051 7.3367 ***
Flowering period Flo_peri 3.3085 3.1524 ***
Leaf persistence LP_1 0.0115 0.0263 ***
Leaf anatomy LA_2
LA_3
0.5001
0.4987
0.6730
0.3248
***
***
Leaf form Lea_for3
Lea_for5
Lea_for8
Lea_for10
Lea_for11 
Lea_for12
0.2819
0.1675
0.0456
0.1239
0.0549
0.0399
0.2289
0.2408
0.0663
0.0728
0.0794
0.0258
***
***
**
***
**
*
C-S-R strategy C 
S
R 
0.5193
0.2684
0.2105
0.4360
0.3970
0.1657
***
***
***
*  < 0.05, ** < 0.01, *** < 0.001
tab. 2: traits with significant 
differences in their CWm values 
between karst meadows (N = 48) 
and karst pastures (N = 52) (Stu-
dent’s t-test). values in the table 
represent the mean of the CWm 
values of each trait in both groups 
of relevés.
Fig. 2: PCA ordination diagram 
of CWm matrix with 100 relevés 
of karst meadows (N = 48) and 
pastures (N = 52) and plant func-
tional traits. Only traits (n = 29) 
with significant differences in 
their CWm values between karst 
meadows and karst pastures 
(Student’s t-test) are shown. 
Eigenvalues: Axis 1 = 0.86; Axis 
2 = 0.14. 
legend:  – karst meadows;  
 – karst pastures. Abbrevia-
tions of plant traits explained in 
tab. 1.
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DISCUSSION AND CONCLUSIONS
SPECIES RICHNESS AND SPECIES  
COMPOSITION
Calcareous dry grasslands (Festuco-Brometea) are known 
as particularly species-rich habitats (in vascular plants, 
bryophytes and animals), and they thus host a consider-
able proportion of Europe’s biodiversity (willems 1990). 
They are among the most species-rich plant communities 
in Europe in terms of the number of plant species they 
support per unit area (wallis DeVries et al. 2002).
Our study also found high species richness in both 
karst meadows and pastures (on average of 34 and 31 
species per 25 m2, respectively), whereas basic compari-
sons between the two grassland types showed a rather 
uniform view of species richness. Many studies have ex-
amined the influence of different management regimes 
on grassland vegetation (e.g., Diaz et al. 2001; del Pozo 
et al. 2006; Škornik et al. 2010). However, only a few of 
them directly compare grazing and mowing. Stammel 
et al. (2003) found that plant species richness on mown 
straw meadows was significantly higher than on pastures 
(in number of species per plot and per site). Hansson 
& Fogelfors (2000) also detected slightly more species 
on mown semi-natural grasslands in Sweden, whereas 
Gutser & Kuhn (1998) found no difference between 
mown and grazed grasslands. In contrast, Schläpfer et al. 
(1998) found significantly more species on grazed xeric 
grasslands than on mowed sites. In our case, the slightly 
higher species diversity of meadows is probably connect-
ed with their more favorable conditions for plant growth 
and/or establishment, owing to their more humid and 
nutrient-rich soil.
As expected and already documented in other stud-
ies (Kaligarič 1997; Kaligarič & Škornik 2007), we found 
evident differences in floristic composition between 
karst meadows and pastures, with a floristic similarity of 
approx. 54%. Frequent common species, such as Bromus 
erectus, Carex humilis, dorycnium germanicum, Briza 
media, Salvia pratensis agg., Buphthalmum salicifolium, 
Asperula cynanchica, galium verum, Brachypodium ru-
pestre, hypochoeris maculata, Betonica officinalis subsp. 
serotina, etc., represent plants characteristic of the Euro-
pean secondary dry and semi-dry grasslands of the phy-
tosociological class Festuco-Brometea (Dierschke 1997; 
Kaligarič 1997; Škornik 2001; Kaligarič & Škornik 2002; 
Illyés et al. 2007). As DCA ordination of species showed 
(Fig. 2), differences in floristic composition between 
karst meadows and pastures are probably related to soil 
conditions in the grasslands: soil pH, moisture, available 
nutrients, etc. Species composition of meadows includ-
ed many species characteristic of mesotrophic mead-
ows from the class molinio-Arrhenatheretea and which 
were missing in karst pastures: for example Carex flacca, 
tragopogon pratensis, lathyrus pratensis and leontodon 
hispidus. These species occur in karst meadows because 
of the more mesic soil conditions (with more humus and 
moisture and neutral to slightly acid pH). In contrast, 
karst pastures are developed on shallower, stonier soils, 
where bedrock reaches the surface and enables the oc-
currence of many typical oligotrophic, thermophilous, 
sclerophyllous and basiphilous species, such as Sesleria 
juncifolia, Carex humilis, Centaurea rupestris, Satureja 
subspicata subsp. liburnica, Crepis chondrilloides, genti-
ana tergestina, globularia cordifolia, genista sericea and 
Plantago argentea.
PLANT FUNCTIONAL TRAIT  
COMPOSITION
In addition to differences in species composition, we also 
detected several differences in the plant functional traits 
between karst meadows and pastures. Our results are 
etation types are again clearly divided, which indicates 
that the karst pastures and meadows contain species with 
distinct plant functional traits. A t-test showed that karst 
meadows had significantly higher mean plant height 
(Plan_hig), SLA values, hemicryptophytes (LF_He), an-
nuals (LC_annu) and biennials (LC_bien), proportion 
of hairy plants (Hair_low, Hair_hig), a tussock growth 
form (GF_tuss) and a grass-like or palmate leaf form 
(Lea_for3, Lea_for10) (Tab. 2). In karst meadows, spe-
cies begin to flower later (Flo_star) and have a longer 
flowering period (Flo_peri) than in pastures. In con-
trast, karst pastures have a higher proportion of peren-
nials (LC_pere), early flowering species (Flo_star), plants 
with rosette (GF_Rose), spring green and scleromorphic 
leaves (LP_1, LA_2). Plants in pastures are also char-
acterized by significantly higher LDMC values, simple 
(Lea_for5), pinnatifid (Lea_for8) and pinnate leaf forms 
(Lea_for11) (Tab. 2).
The comparison of relative proportions of C, S and 
R strategists among relevés showed significantly higher 
relative proportions of competitors (C) and ruderals (R) 
in karst meadows than in pastures. Pastures, in contrast 
had significantly higher proportions of stress-tolerators 
(S) when compared to karst meadows (Tab. 2).
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consistent with previous assertions that grazing gener-
ally favoured small-stature species and species with ro-
sette over high, erect and tussock plants (Harper 1969; 
Lavorel et al. 1997; Diaz et al. 2001; Peco et al. 2005; Diaz 
et al 2007). In pastures, tall, erect plants are eliminated by 
large herbivore grazing, while small or prostrate species 
survive (McIntyre et al. 1995).
Our study showed that forbs with a perennial life 
cycle predominated in pastures and meadows. Annu-
als that reproduce generatively and can quickly colonize 
gaps were rare in both grassland types. The small num-
bers of species with short life span was probably due to 
the low intensity of land use. It has been shown in other 
studies that annuals (therophytes) are promoted by in-
tensification of land use (Bullock et al. 1994; McIntyre 
et al. 1995; Škornik et al. 2010), as they are more tolerant 
of disturbance, owing to their fast growth rates and early, 
prolific seed set (Grime 1974).
LDMC and SLA were also traits that differ signifi-
cantly between karst pastures and meadows. Species in 
pastures showed lower SLA values and higher LDMC 
values. Lower values of SLA tend to correspond with 
relatively high investment in “leaf defence” and long leaf 
lifespan; whereas leaves with high LDMC tend to be rela-
tively tough and are thus assumed to be more resistant to 
physical hazards (e.g. herbivory, wind, hail...) (Cornelis-
sen et al. 2003). Species with low LDMC and high SLA 
tend to be associated with productive, often highly dis-
turbed environments. Our results partially concur with 
those of Diaz et al. (2001) and westoby’s (1998) suggest-
ing that a higher growth rate (high SLA) is a disturbance 
tolerance mechanism, whereas small leaves are an avoid-
ance mechanism (Briske 1996). A similar interpretation 
could also be used for traits connected to reproductive 
strategies. In our study, early flowering and fruiting ap-
peared to be promoted in karst pastures. These traits 
have been interpreted as an avoidance strategy in rela-
tion to grazing (Briske 1996). Furthermore, reproductive 
strategies can be considered as an example of adaptation 
to both climate and grazing (de Bello et al. 2005). In our 
case, earlier flowering in karst pastures, when compared 
to the more mesophilous karst meadows, is probably an 
example of adaptation to more arid microclimate condi-
tions.
Grime’s (1974) CSR triangle provides a system for 
classifying herbaceous plants as having strategies adapt-
ed to intense competition (C), abiotic stress (S) and fre-
quent disturbance (R). The grassland communities of the 
north Adriatic Karst comprise species with pronounced 
competitive (C) characteristics. Especially in the case of 
meadows, they appeared to provide sufficient resources 
to support tall, fast growing competitors. In general, the 
competitive nature of species is restricted by disturbance 
and stress conditions. In these grasslands, stress is more 
severe in karst pastures owing to their extremely shallow 
and stony dry soils, which experience desiccation dur-
ing the summer. The low relative proportions of ruderals 
(R) for both karst pastures and meadows also suggest the 
reduced impact of disturbance, owing to low intensity 
land-use (mowing and grazing).
we could conclude that karst meadows and pas-
tures differ significantly in both floristic composition and 
functional trait means, owing to different environmental 
conditions (e.g., topography and soil conditions) and 
different land-use (disturbance). DCA analysis of species 
composition and some of the traits indicated greater re-
source availability on karst meadows. In contrast, karst 
pastures showed more species with combination of traits 
interpreted as an avoidance strategy in relation to distur-
bance in low productive habitats.
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